1. Introduction {#sec1}
===============

The use of information and communication technology (ICT) such as computer use, internet surfing, and video game playing enhances certain academic skills \[[@B1]\]. However, the increase of intense ICT usage among adolescents \[[@B2]\] is associated with adverse effects such as poor psychosocial health status \[[@B3]\]. In addition, a reduction in average sleep duration due to delayed bedtime, early waking up, sleep disruption by nightmares, and sleep walking are related to the use of ICT during the night time \[[@B4]\]. The compromise of the restorative potential of sleep by a reduction in its quantity and quality is found to undermine the daytime functioning of adolescents, manifested as irritability, day time sleepiness, and inability to concentrate or assimilate during academic activities \[[@B5]\]. Long-term adverse health effects, like poor sleep, are related to depression \[[@B6]\]. Sleeping patterns of depressed subjects are shown to be irregular compared with the nondepressed subjects \[[@B7]\]. In addition, the probability of developing anxiety or depression is much higher among adolescents with poor sleep \[[@B6]\]. Also an increase of body mass index \[[@B8]\], abnormal glucose metabolism \[[@B9]\], predisposition to certain cardiovascular diseases such as hypertension \[[@B10]\], reduction of immune responsiveness to certain infection \[[@B11]\], increased risk of accidents \[[@B12]\], and incidence of substance abuse \[[@B13]\], aggravation of certain illnesses such as seizure disorders \[[@B14]\], and psychiatric symptoms \[[@B15]\] are associated with poor sleep among adolescents. Violent gaming may induce different autonomic responses in boys compared to nonviolent gaming---during playing and during the following night---suggesting different emotional responses \[[@B16]\].

Cardiovascular parameters such as heart rate, R-R interval, and blood pressure vary with sleep quality \[[@B17]\] and changes of heart rate variability (HRV) reflect the rhythm of sleep \[[@B18]\]. Under normal physiological conditions, sleep period is dominated by parasympathetic autonomic activity, which potentiates adequate recovery from the daytime stress. However, a severe stress disrupts recovery by raising sympathetic activity during sleep and HRV can be used as an indicator of sleep quality \[[@B19]\] The square root of the mean squared difference of successive normal to normal R-R intervals in time domain analysis of HRV in ECG (rMSSD) correlates to the high frequency bands (HF, 0.15--0.40 Hz) \[[@B20]\] and reflects the parasympathetic activity, which increases during sleep. On the other hand, the low frequency band (LF, 0.04--0.15 Hz) is related to heart rate and blood pressure, which increase with sympathetic dominance during daytime \[[@B21]\]. Those variations could be influenced by age, sex, life style and health status \[[@B22]\].

The aim of this study was to investigate whether and how the intensity of ICT usage among school-aged children is associated with the quality of sleep during a school week, indicated by blood pressure and cardiac autonomic control assessed by HRV.

2. Methods {#sec2}
==========

2.1. Subjects {#sec2.1}
-------------

The study design is a quasiexperimental laboratory study. Participants were selected from those 222 (123 girls) fourth and 256 (137 girls) seventh graders from seven schools in the Tampere region of Finland who had earlier completed a survey questionnaire. The age groups were chosen according to the developmental saliency in transition from middle childhood to adolescence \[[@B23]\]. In the survey questionnaire participants had described their ICT use (mobile phones, computer games, internet surfing, and communication) including frequency (graded from 0 = never, 1 = less than once a week, 2 = 1-2 days a week, 3 = 3--5 times a week to 4 = almost daily) and daily duration (graded from 0 = not at all, 1 = less than an hour, 2 = 1-2 hours, 3 = 3-4 hours to 4 = over 4 hours), both during school days and the weekends. A subgroup of 88 pupils was derived from the survey questionnaire sample to attend the laboratory study using purposive sampling method. Subjects were stratified into fourth and seventh graders (10- and 13-year-olds) and boys and girls. To maximize the differences with respect to ICT use participants representing both low ICT use (never or 1 to 2 days a week and less than 1 hour at any time) and high ICT use (three to four hours or more, almost daily) were selected on the basis of the questionnaire data. Altogether 74 students participated in this study. The dropouts were due to refusals and unwillingness to provide informed consent on the part of either the schoolchildren or their parents.

2.2. Procedure {#sec2.2}
--------------

Before data collection the approval of the Ethical Committee of Pirkanmaa Hospital District (Code number R04050) was acquired. Permission was also obtained from the school principals. At each school an information meeting was held, usually for each participating class separately, and an information letter was delivered both for the pupils selected for the study and their parents. Written consents for the participation were obtained from all children willing to participate and their parent/guardian. The researcher gave directions for an activity diary and the subjects had possibility to ask questions.

At each school, in a peaceful room, the participants were given the Holter monitor and activity diary with verbal and written instructions. Next day children returned the Holter monitor and the activity diary to the researcher. Data were collected during three weeks, from the end of April to the beginning of May. The sampling day was always an ordinary school day. As a reward for taking part in the study, the subjects received a cinema ticket each.

2.3. Measures {#sec2.3}
-------------

### 2.3.1. Intensity of ICT Use {#sec2.3.1}

Exposure to ICT was measured by use of a 24-hour activity diary during Holter\'s recordings. High subject compliance rate and data reliability have been obtained with diary method using objective measures as criterion, both among children and adolescents \[[@B24]\]. The participants were instructed to record in 15-minute intervals the time spent on different ICT activities with alternatives: (a) using mobile phone, for example, for phone calls or text messages, (b) playing mobile phone games, (c) playing TV or console games, (d) playing computer or Internet games, (e) using computer for homework, writing, and so forth, (f) using computer for communication, and (g) general surfing on the Internet. Participants also recorded their sleeping hours, from going to bed until waking up the next morning. Total time spent on different ICT activities was calculated summing up the 15 min intervals for each activity.

### 2.3.2. Physiological Measures {#sec2.3.2}

Participants were required to have the monitor for a 24-hour duration and asked to record their bedtime and wake up time. ECG recordings were performed by three-channel ECG recorder during one workday and sampling rate was 128 Hz (Braemar DL700 Holter Monitor, Burnsville, USA). All recordings were first scanned by an experienced nurse specialized in the analyses of Holter\'s recordings. Thereafter every recording was rescanned by a physician and medical specialist in clinical physiology (HL). The HRV parameters were calculated using a validated software for long term ECG recordings (Century 2000, BMS Inc., St. Louis, USA). The standard time domain measures were obtained: standard deviation of all normal sinus R-R interval (SDNN, ms), root mean square of the successive normal sinus R-R interval difference (rMSSD, ms), percentage of successive normal sinus R-R interval longer than 50 ms (pNN50), and the heart rate computed from the mean cycle length of R-R complexes. The time domain parameters were used in further evaluation, because they are less sensitive to scanning errors and are preferred to be used in hourly analyses of long-term recordings instead of spectral analyses \[[@B24]\]. The body mass index (BMI) was calculated from the participant\'s reported height and weight using weight in kilograms/height in meters² formula. The mean systolic (MSBP) and mean diastolic (MDBP) blood pressure was measured. Prior to commencement of the study, participants were clinically checked by a specialized nurse and by an experienced researcher of the autonomic nervous system to exclude any cardiovascular or other chronic disorders that could confound heart rate variability recording.

2.4. Statistical Analysis {#sec2.4}
-------------------------

To answer the research questions, the participants were divided into two groups according to the intensity of ICT usage, that is, the total sum of hours spent in different ICT activities during Holter\'s recording. Six participants who had missing data on some sleep hours and additional seven participants with Holter\'s recording errors were excluded from the analysis. In the final sample there were 61 participants, with 27 (44%) high ICT users. In the high user group, the total time of ICT usage of 16 participants (62%) was one to less than 3 hours, of six participants (21%) 3 to less than 6 hours, and of five participants (17%) 6--8 hours. The rest of the participants (*N* = 34) were called low ICT user group who had not used ICT at all (72%) or had used ICT only for less than one hour.

Differences by gender and age in quality of sleep were tested by chi squared tests. The relationship between the intensity of ICT use and quality of sleep was tested with independent samples *t*-tests among the groups of high and low ICT users. Further analysis of the effects of gender, age, and body mass index on the outcome variables was done with factorial ANCOVA. The data analysis was carried out with SPSS 15.0 for Windows.

3. Results {#sec3}
==========

Of the participants 32 were females (53%). The number of the participants in the younger age group (10-11 years) was 31 (51%), while in the older group (13-14 years) the number was 30 (49%) ([Table 1](#tab1){ref-type="table"}). Among the high ICT user group, 52% belonged to the older age group (13-14 years). Participants in the high ICT user group differed significantly from the low ICT user group both in the total time used ICT and in using different form of ICT except for mobile phone use.

The mean sleep time blood pressure did not differ between the ICT user groups. However, there was a statistically significant difference in HRV between the ICT user groups, when assessed with mean sleep time SDNN (*P* = 0.035) ([Table 2](#tab2){ref-type="table"}). Comparison of the mean day and night HRV values between the ICT user groups revealed lower night values, especially in older (13-14 years) high ICT users. Nevertheless, analysis with rMSSD (*P* = 0.07) showed no statistically significant difference between the groups. HRV sleep period rose slower in high ICT users in both age groups compared to low ICT users (Figures [1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). Adjustment for the influence of body mass index, gender, and age with factoral ANOVA resulted in no significant effect on the outcome ([Table 3](#tab3){ref-type="table"}).

4. Discussion {#sec4}
=============

This study revealed that HRV of high ICT users differed from low users during sleep on assessment with SDNN. High ICT users had lower level of night changes in heart rate variability. SDNN represents merely the overall cyclic variation of HRV and is correlated to diurnal oscillation of HRV. Low SDNN during the early night reflects the delayed readiness of the autonomic regulation for sleep. The result thus contributes to earlier findings showing that intensive ICT use has a negative impact on sleep pattern in adults \[[@B27]\]. Our earlier results revealed that long periods of ICT use were related to deteriorated stress regulation, indicated by flattened cortisol awakening response \[[@B28]\], which is in concordance with the current results. It can be also to suggest that among healthy children the intensity of vagal recovery is good after the sympathetic overdrive attenuating the cyclic component of HRV is blunted. However, similar to other studies \[[@B29]\], we did not find association between ICT and sleep quality when HRV is assessed with rMSSD. Taking account of the fact that rMSSD is reportedly a more sensitive indicator for parasympathetic activity \[[@B19]\], the influence of the small sample size on this outcome cannot be overruled.

Some mechanisms have been suggested to explain how or why ICT usage is associated with poor sleep. They include direct encroachment of sleep time by ICT use through its increased accessibility, affordability, addictive tendencies \[[@B30], [@B33]\], physiological changes induced by emotional reaction to activities \[[@B29]\], suppression of melatonin secretion \[[@B8]\] and reduction in physical activity \[[@B34]\]. Nevertheless, physical activity has also been shown to be insignificant in certain studies \[[@B34]\]. Further, ICT usage has been found to increase weight among adolescents as the displacement of physical activity with ICT usage is associated with a raise in body mass index \[[@B22]\]. In this study, we controlled the BMI in the analysis, and it was not associated with the quality of sleep, irrespective of gender and age.

The cross-sectional design of this study limits the ability to make causal inferences. It is difficult to rule out sleep disturbance as an actual precipitator of high ICT usage. The result of this study will need further evaluation with a prospective study with a randomized controlled design in which children are randomized to either a high ICT group or a control group, and also their sleep quantity and quality should be analyzed. In addition, potential confounders such as sleep environment, diet, parental socioeconomic status, physical activity, and other factors that could affect the state of the autonomic nervous system during sleep should be measured and adjusted for more effectively. Another limitation is the self-reports regarding intensity of ICT use, sleep duration, and wake up time, which warrants the reliability of the data. The accuracy of the data can be improved by employing a more comprehensive method in obtaining this information.

5. Conclusion {#sec5}
=============

This study shows that the intensity of information and communication technology use by children and adolescents seems to interfere with the quality of sleep during a school week. The participants with low ICT use seem to sleep better than the high users. High amount of ICT use by children and adolescents may destroy good sleep pattern. In particular the sympathetic overdrive may continue to the early sleep and cause a delay in parasympathetic recovery. The length of restorative sleep might shorten, which is a health risk for physical and cognitive health among children. In experimental conditions prolonged video game playing caused disruption to adolescent sleep \[[@B35]\]. Because sleep is very important for adolescence growth, cognitive functioning, and physical health \[[@B36]\], the results are of concern. Further studies are needed with larger number of participants, comprehensive account of other forms of ICT use beyond computer use, internet surfing, and video game playing to enhance a more conclusive result of the effects of ICT use on children\'s and adolescents\' sleep. The use of activity monitors would increase the possibility to assess the actual sleeping time. Research is also needed to explore whether the amount of ICT usage through interfering restorative sleep is related to adolescents\' school performance (such as attention, persistence, or memory) or behaviour problems.
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###### 

Characteristics of study participants.

  Variables      *N* (%)   ICT use, *n* (%)   SDNN (ms)   rMSSD (ms)       BMI (kg/m^2^)    MSBP (mm/hg)    MDBP(mm/hg)                     
  -------------- --------- ------------------ ----------- ---------------- ---------------- --------------- --------------- --------------- --------------
  Gender                                                                                                                                     
   Males         29 (48)   19 (65)            10 (35)     0.143            108.35 (27.60)   80.45 (25.62)   17.72 (2.38)    114.81 (9.67)   75.45 (8.37)
   Females       32 (52)   15 (47)            17 (53)     105.35 (28.10)   72.58 (27.14)    19.91 (3.25)    114.58 (7.87)   72.95 (6.31)    
  Age                                                                                                                                        
   10-11 years   31 (51)   18 (58)            13 (42)     0.710            105.80 (26.41)   78.10 (26.77)   17.89 (2.79)    114.20 (8.45)   75.95 (7.45)
   13-14 years   30 (49)   16 (53)            14 (47)     107.77 (29.40)   74.28 (26.57)    19.94 (3.03)    115.21 (9.04)   72.16 (6.90)    

ICT: information and technology use; *P*: significant level; SDNN: Standard deviation of NN interval; rMSSD: root mean square of successive difference; BMI: body mass index; MSDP: mean systolic blood pressure; MDBP: mean diastolic blood pressure.

###### 

Unadjusted means of SDNN (ms) and rMSSD (ms) by ICT use.

  Variables   ICT use          Mean difference (95% CI)   *P* value              
  ----------- ---------------- -------------------------- ---------------------- -----------
  SDNN        114.12 (27.12)   99.05 (27.23)              15.07 (1.06--29.09)    **0.035**
  rMSSD       82.61 (27.14)    69.87 (25.27)              12.73 (−0.85--26.32)   0.066

SDNN: Standard deviation of NN interval; rMSSD: root mean square of successive difference; ICT: information and technology use; *P*: significant level.

Bold means statistically significant.

###### 

Means of SDNN (ms) and rMSSD (ms) by ICT use, adjusted for gender, age and BMI.

  Variables     *N*   SDNN             rMSSD                                      
  ------------- ----- ---------------- ------- ----------- --------------- ------ -----------
  ICT use                                                                          
   Low users    34    114.12 (27.12)   11.17   **0.002**   82.61 (27.14)   7.84   **0.008**
   High users   27    99.05 (27.23)                        69.87 (25.27)           

SDNN: Standard deviation of NN interval; rMSSD: root mean square of successive difference; ICT: information and technology use; BMI: body mass index; *P*: significant level.

Bold means statistically significant.
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